Estuaries are important examples of high species richness, abundant biomass, and diversity of biological (spawning, reproduction, recruitment, nursery) and ecological (freshwater, estuarine and marine species migrations/movements, regulation of nutrients, coastal waters fertilization, land-sea connectivity) processes (Barletta et al., 2008) . Therefore, as a result of its productivity and readily available resources, estuaries have always been directly responsible for the maintenance of the daily lives, and long term survival, of traditional populations worldwide (Barletta & Costa, 2009) .
Along the northern Brazilian coast (Maranhão Gulf) are the most extensive estuarine areas due to the influence of macro tides (6 to 7 m), when creeks of mangrove forests are flooded during high tide. Scientific knowledge about the fish fauna of the northern coast of Brazil is still scarce, with diffuse information and several geographic gaps. Studies carried out between Amapá and Maranhão recorded about 303 species belonging to 23 orders and 86 families, which are distributed between two main subareas: the MaranhensesParaenses estuaries and the region between the Amazonian estuary and the Amapá coast (Camargo & Isaac, 2003) . Tropical estuaries are exposed to marine and terrestrial processes, which influences their structural characteristics, affecting the distribution patterns of fish communities (Nero & Sealey, 2006) .
Estuarine environments, particularly the São Marcos Bay (Brazil), where there is a port area of national and international importance (Carvalho-Neta et al., 2014) , are characterized by high primary productivity and provide feeding and breeding places for many species of fish and other aquatic organisms, many of which are of commercial value (Viana & Lucena Frédou, 2014) . In this region it is inserted the second largest port complex in the country, which is the main driver of economic and social development in the state of Maranhão (Assis et al., 2013) . In this area, the catching of estuarine and marine fish is still of great relevance for the adjacent fishing communities.
Fish communities have great biological importance, as they can influence the composition, abundance and distribution of other biotic communities in estuaries (Borges et al., 2010) . Many species of ichthyofauna depend on estuaries at some stage of their lives for recruitment, breeding and feeding activities (Loneragan, 1999; Kimmerer, 2002) . Changes in the composition of communities act as an important parameter to indicate the quality of the ecosystem. Thus, several studies have highlighted the ichthyofaunistic community as an indicator of environmental quality (Falcão et al., 2008; Silva-Júnior et al., 2013; Mourão et al., 2015; Fisch et al., 2016) .
There are different approaches used in describing fish assemblages as well as the factors that influence their variation. Some studies focus on environmental influences on the structure of communities (Thiel et al., 1995; Lara & González, 1998; Marshall & Elliott, 1998; Araújo et al., 2002) , others describe seasonality (Maes et al., 1998) and some only consider spatial patterns (Araújo et al., 1997 (Araújo et al., , 1998 , without determining an effective cause. It is important to take into account anthropic actions in the estuarine habitats and, consequently, in the fish assemblages associated with them, which may directly affect the biological, physiological and behavioral patterns of the species (Whitfield & Elliott, 2002) .
Currently, little is known about the temporal dynamics of fish communities in an estuarine environments belonging to the Eastern Amazon. Thus, it is extremely important to identify possible changes in the fish assemblages. Therefore, the aim of this study was to determine the differences in the fish composition, abundance, biomass and diversity, based on a spatial and temporal assessment, and possible influences of anthropic pressure increases associated with industrial and port activities in São Marcos Bay (Amazonic coast).
MATERIALS AND METHODS
The coast of Maranhão is located between the mouth of the Gurupi River, State of Pará, and the mouth of the Parnaíba River, State of Piauí, approximately 640 km long. For descriptive purposes it is divided into three distinct areas, West Coast, Maranhense Gulf and East Coast. The Maranhense Gulf is situated in the center region of the coast, where there are two large bays, São Marcos and São José, which are separated by and island called the Island of Maranhão.
Regarding the climate, the coastal region of Maranhão is characterized by the transition between the humid climate of the Amazon and the semi-arid region of the Northeast. In the study area the tropical humid climate is predominant and the average temperature is 24 °C, with rainfall averages Fig. 1 . Sites location at São Marcos Bay, state of Maranhão, Brazil.
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ranging from 1600 mm to 2000 mm, with the relative humidity of 80% (Stride, 1992) . The climate in this region is also characterized by two seasons: dry season and rainy season.
In this study, the sampling was carried out in four distinct sites in São Marcos Bay. The sites are characterized by strong anthropic interference (industrial activities) and by activities developed in the Itaqui port region. Site 1 (44°22'19.745"W, 2°33'34.062"S), which is a more sheltered and the densest area of mangrove plant species; Site 2 (44°21'59.359"W, 2°33'21.469"S) and Site 3 (44°21'47.033"W, 2°33'7,150"S), areas closer to the mainland and under the influence of the port complex; Site 4 (44°22'5.857"W, 2°32'42.265"S), which is the farthest site from the port, it is also the deepest site (Fig. 1) .
Fish samples were performed from May/2011 to November/2015, with a total of 18 sampling. The species were collected in four sites (S1, S2, S3 and S4) using gillnets, with meshes ranging from 18 mm to 60 mm between opposing nodes. The gillnets were installed at the end of the high tide and continued throughout the entire ebb tide cycle (standardized in approximately 6h at each sites).
The samples were placed in plastic bags, stored in the ice and taken to the Laboratory of Ichthyology of the Universidade Federal do Maranhão. The biological material was identified up to the species level, using the studies developed by Fischer (1978) , Cervigón et al. (1992) and Figueiredo et al. (1980 Figueiredo et al. ( , 2000 . In addition, some identifications were updated using the Fishbase database (Froese & Pauly, 2009 ). For each specimen, the total length (cm), standard length (cm) and total weight (g) were obtained. Part of the identified material was fixed in 10% diluted formaldehyde and later preserved in 70% alcohol. Then, it was stored in the Collection Room of the Laboratory of Hydrobiology of the Universidade Federal do Maranhão.
Fish community parameters (number of fish, biomass, diversity, through Shannon-Wiener index and evenness J' index) were compared between seasons and catching sites. The graphical representation of the data, through the box plot, was made with the aid of the software STATISTICA version 7.0 (Statsoft Corp, USA).
Assumptions of normality and homogeneity of variance were analyzed by Shapiro-Wilk test (Shapiro & Wilk, 1965) and Levene test, respectively. When necessary, data were transformed with log (x) or log (x+1). Parametric analysis of variance (ANOVA) or non-parametric KruskalWallis (KW) was used depending on the fulfillment of the assumptions. A post-hoc Tukey's Test or Mann-Whitney was used to test for multiple comparisons between months and sites. The statistical analyzes were performed using the PAST program 3.14 (Hammer, 2001) , with significance level of α = 0.05 (Sokal & Rohlf, 1969) .
Temporal variation in the structure of the fish assemblages were evaluated by non-metric multidimensional scaling (NMDS) with 1000 iterations, derived from a BrayCurtis similarity matrix constructed from the fish abundance data, with data transformed to log (x+1). The R-statistic values determined by ANOSIM for significant comparisons were used to ascertain the degree to which a priori seasonal groups (dry and rainy seasons) and site groups (S1, S2, S3 and S4) were dissimilar (Clarke, 1993) . Similarity Percentages (SIMPER) (Clarke & Warwick, 1994) were employed to determine which species contributed the most to any similarities within exposure groups. These analyses were performed with the statistics program PRIMER v. 6 (Clarke & Gorley, 2006) .
RESULTS
A total of 4,257 individuals from 56 species were collected at four sites along São Marcos Bay between the years of 2011 and 2015. The species were distributed in 14 orders and 29 families, of which 45% belongs to the order Perciformes, 13% to the order Siluriformes and 10% to the Clupeiformes. The orders Mugiliformes, Pleuronectiformes and Tetraodontiformes represented 5% each, Beloniformes 3%, Rajiformes 3% and the remaining represented 12%. The families with the highest number of species were Sciaenidae (12), Ariidae (7), Carangidae (4), Engraulidae (4) and Mugilidae (3).
The species Genyatremus luteus, Sciades proops, Macrodon ancylodon, Bairdiella ronchus, Bagre bagre, Mugil gaimardianus, Sciades herzbergii and Sardinella janeiro were dominant in numbers of individuals representing 63% of the total catch (Tab. I). Genyatremus luteus was the most abundant taxon, accounting for 10% of the total catch or 417 individuals.
The total catch weight was 544 kg, in which Sciades proops was the most representative with 20% (109.9 kg) of the total catch, followed by Macrodon ancylodon, Bagre bagre, Centropomus undecimalis, Genyatremus luteus, Sciades herzbergii, Cynoscion acoupa and Trichiurus lepturus, with a total of 75% of the sample.
There were higher catches in May/2011, July/2013, August/2015 and November/2015 (Fig. 2) , and the species that contributed most to this result were Genyatremus luteus, Lile piquitinga, Bairdiella ronchus, Sciades proops, Sardinella janeiro, Macrodon ancylodon and Mugil gaimardianus. The months with the lowest catch rates were February and August 2015.
Regarding total biomass, the highest catches were observed in the months of July/2011, followed by August and November/2014 (Fig. 2) . The species that contributed most to this increase were Amphiarius rugispinis, Bagre bagre, Centropomus undecimalis, Cynoscion acoupa, Macrodon ancylodon, Micropogonias furnieri and Sciades proops. The results of the statistical tests also indicated seasonal similarity in the distribution of abundance (F = 0.46; p > 0.05) and biomass (KW = 0.83; p > 0,05), from May/2011 to November/2015. The Shannon diversity index was high in May/2011, January/2012 and August/2015 (Fig. 3) . The evenness was always high, with the highest averages for the months of April/2013 and August/2015 (Fig. 4) ANOVA did not indicate difference between the months for the diversity indexes of Shannon (F = 0,7454; p>0,05) and evenness (F = 0.92; p > 0.05).
The Kruskal-Wallis test indicated a significant difference in the species abundance between the sites (KW = 25.81; p < 0.05), but only the Site 1 showed difference in relation to the others, confirming the preference of individuals for this area. Regarding the variation of the indexes between sites, the higher diversity of Shannon was observed for S1 (Fig. 5) . For the evenness, it was verified that Site 4 showed better uniformity for the dominance of the species. The analysis of the indexes showed heterogeneity between the sites (Fig. 6) .
Non-metric multidimensional scaling (NMDS) for the sampled months revealed the formation of two seasonal groups. The group A, with similarity of 61.6%, formed mostly by months of dry season, and the group B with similarity of 60.4%, formed mainly by months of rainy season (Fig. 7) . The similarity between species indicated the formation of three groups (1, 2, 3) (Fig. 8) Considering the sampling sites, the classification analysis showed the formation of three groups (I, II, III) ( Fig. 9 ): Group I formed by the samplings carried out at site S1, located in shallower areas near the mangrove, Group II was formed by the sites S2 and S3, located in an intermediate profile regarding the hydrodynamic gradient and depth, and Group III that was represented by the site S4, which is characterized by the greater depth, greater speed of the currents and it is also located in the route of the ships that access the port terminals in the Maranhense Gulf.
SIMPER analysis performed on ichthyofaunal data detected which the species that contributed the most to the formation of group A were M. ancylodon, B. bagre and G. luteus, whereas S. proops, B. ronchus, G. luteus were the species that most contributed to the formation of group B. The dissimilarity between the seasonal groups was 39.17%, and the species with the highest contribution percentage were S. janeiro, with a higher incidence in the dry season and M. gaimardianus, more abundant in the rainy season. Regarding the sampling sites, B. ronchus contributed the most to the differentiation of S1 when compared to S2, S3 and S4. It is important to highlight that 82.6% of individuals of this species were captured in S1. The dissimilarity of S4 in relation to S2 and S3 was associated to the higher contributions of B. bagre (more abundant in S2) and M. ancylodon (more abundant in S3).
The evaluation of the results, considering the regional seasonality (rainy and dry season), showed significant differences for the composition of the taxa, being influenced mainly by the greater abundance of the Scianidae in the dry season (ANOSIM, R = 0.183, p = 0.02). Considering the sampling points ANOSIM also indicated significant differences, with the site S1 presenting a differentiated composition in relation to the others, as well as S4 in relation to S2 (R = 0.272, p = 0.0001).
DISCUSSION
The research carried out between March/2011 and November/2015 indicates that the richness of the fish species of São Marcos Bay is inferior to those found in other tropical estuaries (Araújo et al., 2008; Paiva et al., 2008; Campos et al., 2010; Santos et al., 2015; Cattani et al., 2016) . In addition, studies carried out by Castro (1997 Castro ( , 2001 in adjacent regions (Cururuca, Paciência, Estreito, Baías,
Figs. 5-6. Spatial variation of the ecological indexes frow species of fish collected in São Marcos Bay, State of Maranhão: 5, Shannon-Wiener; 6, Evenness.
Fish assemblage structure in a port region... Iheringia, Série Zoologia, 108: e2018018 The variation of species richness among the estuaries may be associated to factors such as latitude, seasonal variability, degree of contamination by chemical pollutants and impacts that result from the joint action of several factors such as urbanization, landfills, industrial poles implantation, construction and maintenance of ports (Franca et al., 2011; Pasquaud et al., 2015; Gurdek & Acuña-Plavan, 2017; Castro, et al., 2017) . In the specific case of São Marcos Bay, which has the second largest port structure in Brazil, several studies have identified contamination in water and sediments as a result of anthropic activities, including bioaccumulation of contaminants in fish, which may affect marine ecosystems and aquatic organisms (Carvalho-Neta et al., 2012; Sousa et al., 2013; Castro et al., 2018) .
The predominance of species belonging to the Perciformes and Siluriformes orders with the expected pattern along the northern Brazilian coast is due to their tolerance to salinity variations, such as the species of the families Sciaenidae and Ariidae that explore estuarine habitats (Camargo & Isaac, 2003) . However, significant results of species belonging to the order of the Clupeiformes were verified. The fish assembly of São Marcos Bay is strongly inhabited by small individuals mainly of the Engraulidea family, which is characterized by the formation of shoals. In the coastal region of Rio Grande do Norte, Brazil, the order Clupeiformes showed relative abundance among the species that occur in the region of Ponta Negra (Gurgel et al., 2012) , even as Jaguaribe beach, Itamaracá, Pernambuco (Lira & Teixeira, 2008) .
The dominance of the Sciaenidae and Ariidae families is consistent with the results found in other estuaries in the North and Northeast regions of Brazil (Lira & Teixeira, 2008; Sanders & Hjort, 2011; Chao et al., 2015; Dantas et al., 2016) . Both families are composed of generalist species that normally inhabit sandy-muddy soft bottoms Le Bail et al., 2000) . Thus, the cyanide and aryid predominance may be associated with the favorable conditions found in the substrates of the estuarine environments of the region, mainly formed by sand and mud (Morais, 1977; Souza-Filho, 2005) .
Fish assemblage of the study area was dominated by a few fish species, mainly by the sciaenid G. luteus. The taxon G. luteus is a widely distributed species along the western regions below the Antilles and the north coast of South America, from the eastern portion of Colombia to Brazil, classified as estuarine-marine inhabits coastal waters, especially estuaries and lagoons, with mud, sand and gravel (Cervigón, 1966; Fischer, 1978; Giarrizzo & Krumme, 2007) . It should be noted that G. luteus was captured during all study period, indicating high capacity of tolerance to the seasonal variations of salinity in São Marcos Bay. According to Azevedo et al. (2008) , the Maranhense Gulf may present Fish assemblage structure in a port region...
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salinity of 21.8 in the rainy season, when the precipitation and discharge levels of the rivers are higher, and salinity up to 36 in the dry period, when the sun light and evaporation are more intense.
Sciades proops stands out for its high contribution to biomass and occurrence throughout the year, indicating the strong adaptive capacity that this species has developed due to oceanographic conditions in these outermost areas of São Marcos Bay. Studies about first gonadal maturation developed in this same region for S. proops show an atypical variation in the size of individuals as they begin their involvement in the reproductive cycle (Azevedo et al., 2010) . The authors attributed such variations to the adaptation processes resulting from physicochemical and climatic variables that are changing in the region, as well as a response to the fishing effort directed to this species.
Studies in Brazilian estuaries show that estuarine fish assemblages undergo clear seasonal fluctuations in biomass and diversity, which may be related to reproductive patterns, increased recruitment, and, even indirectly, to rainfall (Barletta-Bergan et al., 2002; Barletta et al., 2003 Barletta et al., , 2007 Vilar et al., 2011) . Such temporal changes in abundance in the community in this area, although not addressed in any integrated analysis among the fish, did not present significant differences.
Collectively, fish assemblages during both seasons were comprised of many rare species and a few species in large numbers, a frequent characteristic for estuarine fish populations (Whitfield 1989 (Whitfield , 1999 Tzeng & Wang, 1992; Neira & Potter, 1994; Barletta-Bergan et al., 2002; Barletta et al., 2003) . However, fish fauna peaked in abundance in the dry season. This pattern was mainly driven by G. luteus, L. piquitinga, B. ronchus, S. proops, S. janeiro, M. ancylodon and M. gaimardianus . The species that contributed the most to the total biomass are highly predominant in the coast of Maranhão (Azevedo et al., 2008; Carvalho-Neta & Castro, 2008; Carvalho-Neta et al., 2012; Azevedo et al., 2012; Almeida et al., 2016; Azevedo et al., 2017) . Cyclic changes in the intertidal fish fauna did not affect overall density and biomass throughout the years. Similar numbers and standing stock was apparently maintained year-round. This suggests that the increases in abundance or weight in some species were compensated by reductions in others (Giarrizzo & Krumme, 2007) .
The sites 2, 3 and 4 analyzed in the present study are located furthest from the areas of mangrove vegetation, while the site 1 is located in a more sheltered area, with a lower interference from the port area. Mangrove areas act as shelter, breeding ground and food source for various organisms, while several fish species use this habitat for their biological and ecological activities (Moreira Osório et al., 2011) . Giarrizzo & Krumme (2007) propose that landscape factors may be important in structuring mangrove fish assemblages, for example, the position relative to the ocean or to the mainland, irrespective of salinity, as well as the proximity to an extensive subtidal resting area where the intertidal fishes may spend the low tide period. The natural characteristics of each environment and the environmental factors may explain the observed differences between the sampling points.
Analysis of similarity showed a differentiated seasonal occurrence for composition of fish assemblage in São Marcos Bay. Similar results were verified by Mourão et al. (2015) in Amazon Estuary of Pará, and Veiga et al. (2006) in southern Portugal, at where such seasonal variations in composition of fish were justified as a common feature of dynamic ecosystems, such as estuaries. Gurdek & Acuña-Plavan (2017) observed regular seasonal changes in the fish community structure in the lower portion of an estuary in the Estuary of Pando, Uruguay, which reinforces the idea of considering both environmental variability and life cycles of fish species when addressing temporal variability in estuarine environments. Some taxa form shoals and seek estuarine areas to carry out their breeding activities. Seasonal peaks are generally attributed to the arrival of juveniles of many marine species that use shallow water ecosystems as nurseries (Dulcic et al., 1997; Cabral, 1999) .
The NMDS showed differentiation of the species with occurrence both in the rainy season and in the dry season. This situation can be attributed mainly to the registration of occasional species in the area, since many juvenile species were present in the samplings, suggesting that the area acts as a nursery and as a place of growth of many organisms. In the estuary of Michoacan, Sandoval-Huerta et al. (2014) verified the occurrence of several juvenile individuals, evidencing the fish preference for these areas, in the initial stage of life.
The similarity of group 1, observed for the 56 taxa identified in São Marcos Bay -Amazônia Oriental, connected two major subgroups, the first one formed by species present in all campaigns, with high values of abundance and biomass, in addition to high relevance for artisanal fishing in the region. Carvalho-Neta & Castro (2008) states that the presence of these individuals, in the São Marcos Bay, indicates that this estuarine presents an important ecological role for breeding fish that have an economic importance for artisanal fishing in the state of Maranhão. Group 2 showed species present only at certain periods of the year, showing defined intolerance to variations in the environment, considering that the temporal distribution of adults and juveniles is strongly influenced by changes in environmental factors such as temperature and salinity (Yáñez-Arancibia, 1985; Laroche et al., 1997) .
The group 3 included species where the grouping pattern presented seems to be associated to the low levels of occurrence of the individuals, which suggests that these species are rare in the area where the study was carried out. The richness and composition of rare species may be related to the characteristics of the estuary, such as the degree of connectivity with the ocean and the volume of the water body (Mendoza et al., 2009) .
The low diversity observed during the study may be a reflection of the port activities that historically take place in the study area. However, it was still observed that regional diversity was maintained throughout the study period. However, the spatial distribution of the species showed variation regarding the sampling sites, with richness presenting patterns of differentiation similar to diversity. These data indicate the need for water and sediment quality monitoring, as well as the use of bioindicators capable of predicting relation between habitat integrity and fish species, as commonly provided by environmental monitoring programs (Oliveira et al., 2008) .
The wide use of the São Marcos Bay area by different ichthyofaunistic groups reveals its importance for the development of the ichthyofauna of the Maranhense Gulf, with the continuous presence of several representatives of the families Scianidae, Mugilidae, Clupeidae and Engraulidae. The present results provide a better understanding of the importance of ecological information about ichthyofauna in tropical estuaries in order to include appropriate descriptors in conservation or restoration processes of marine communities and habitats.
